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Docket No.: STN-52-003

Auzust 31, 1995

Document Control Desk

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

ATTENTION: MR. T. R. QUAY

SUBJECT: AP600 PCS DESIGN BASIS ACCIDENT "ROADMAPS”

Dear Mr. Quay:

The attachment to this letter provides several tables which were developed to assist the ongoing review
of the AP600 Passive Containment Cooling System design basis analyses. The tables outline the PCS

DBA methodology and have been revised to reflect items discussed in recent meetings between
Westinghouse and the Containment Systems and Severe Accident Branch. This document was

prepared in response to an NRC staff request and is intended to assist the review currently uuderway

by the Containment Systems and Severe Accident Branch.

Please contact me on (412) 374-4334 if you have any questions concerning this transmittal.

gm/ /’ y
Brian A. Mclntyre,
Advanced Plant Safety and Licensing

/nja

Attachment

cc: D. Jackson, NRC
J. Kudrick, NRC

E. Throm, NRC
N. J. Liparulo, Westinghouse (w/o enclosures/attachments)
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Table 1: PIRT Application to Evaluation Model: Inside Containment - ARl nhases

Applicability of LST A atidation of Modeling
PIRT Ranking for APPSO BCs or 5 Use of Validation Ressts | How Uncertabny &
Sloduts Test Bases Report Submitted 1o NR( Report Conchasions with Respect to Method
Phenomens Comainment | Phenomens Maodel ” For WGOTHIC in this ¥ vaiwation Moded Handled
[ Volume A Muin component H Gas constituents m the | All seses Complete Effects of LST includes air and WOGOTHIC has been Governng equanons = Bounded
' Compressible Gasses governing oG yzed with | NTD-NRC 94-4760 muincomponent Ceam and heliem validated with the LST WGOTHIC are 3 vald
WGOTHIC Enclosure | GOTHIC compressibie gasses representation of
Technical Manual describes | are comectly mciuded compressible
govertng equations N GOVETTING equAtIONs mulncomponent gas
Enclosure 2 GOTHIC behavior
User's Manual describes Manmum Techswal
how 1o mvoke varioes Specificanon pressure used
gasses n conpanction with 0%
Enclosere 3 GOTHIC relative hemadity
Dualifhicanon Report
provides large database of
tests with air, hydrogen,
and heirue
NTD-NRC 95-4462
EPRI Repor: RA 9110,
GOTHIC Design Review
Final Repont
WOAP- 12382 validates
WGOTHIC with separate
effects, mtegni esis with
{ ] steam and an snd-helues
B Buoysncy " Buovancy forces are LST imernai | Complere | umped modeling Steam injection pownt WOGOTHIC has been R B e
included n the lumped | boouvens WCAP 14326, Separare overmives elevarion and direction | ~>iidated with the LST el e el v
parameter junction Aows effecis tesr noncondensibles shove | effects tests were Gsiaan e van e aGalial  apGbeaina wl AL
gOvermng equations T el WCOAP- 14382 for inregrel | operating deck thereby | performed o e AL bk Bounded
e A tests reducing heat removal LST has provotypical ApPlaiions LAY
Cestiin e from vessel when PCS | buoyancy driving forces Sec baxes for fine IVA
15 dominam and covered the range
Disiributed parameter of Froude aumbers for
modeling shows good LOCA
agreement with S50
node LST mode!
Modeling of buovancy
and entramment s
accepable
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Table 1: PIRT Application to Evaluation Model: inside Containment - Al phases

Applicabiliey of LST Valtdution of Modeding 5
PIRY Rankiog for APSS) BCs or Use of Validation Results | How Uncertainty &
Madute Test Bases Report Submitted to NRT | Report Conclusions with Respect to Method
Phenomens Contaimment | Phenomens Models =vbtisi- o, andior WGOTHIC in this ¥ valuation Mode! Handied
€ Flow Fieid Sabiliry L Miung within the LST NTD NRC 954459 Blowdown s the same | Upper and lower WOOTHIC model has heen | Mg and coanficaton. R
or Siratificanon contanment upper Seratification and Mixing a3 sundard plants regions of conammen: | validated with the LST e enibae Bt B i s e o s B
regions and mixing Ffiects on APSN) Passive Long-werm LOCA represented in the LST denan B i D el P
between the upper and C ontamment { coling drven by buoyam s Meldilia e
lower pomans of the System DBA phume and ST covers R i B unded
comsinment WGOTHIC Applications range for APSDD See boxes for lime IV £
Document MSLE is well mived
ACRS T/H Sehcomminer due 1© high velocity jet
Meeting. March 293G, Distbuted parameter
1995 (10 be & d m ting shows good
letier report) agreement with S50
node LST modei
Modeling of buoyancy
nd entranment is
acceptabie
1l Surface A Liquad Film Heat M Thermai conductivity Chumn & Seban | C The Chun and Seban internal snd externzi Al validanon performed Nomsnal wavy lammar and | Neghgible effect
Transfer of liquid fitm for flm Wisconsm NTD-NRC 944100, data provides a hasis tiquid film efects are with WGOTHIC includes turbulent Chun and Sehan since resance
temperatere drop Condensation | Enclosure 2 “Ligud Film for film thermal represented in the LST | the ymali effect of film correlanons used as across film s sl
Tewes Model Valdations™ ductivity. temperature drop Approprate pant of vl
' WOCAP- 14382 §2 resistance
B Ligqud Film L Condensation on the LST WOAP-1 3307 tnternal films are stabie surfaces WGOTHIC model has been | Shell slopes modeled with Rounded
Stabitity/ Coverage interior surface of Wisconsin 1K Hubtininem:, since : shell Tuded in the LST validated with the LST WGOTHIC exceed |
comammen Condensation | “Condensation in the slope is in excess of 1° effects Condensate on contamment
Tests Presence of % densitle | Dropler ¥ died 1 Wisconsin is rerurned o the RWST
Gas: Effect of Surface improves mass tansfer | Condensation Tests Benefirs of droplet
Orientation.” Ph D Thesis, formation neglected
Univ. Wisconsin, 1992
C Ligud Film | Liguid film energy LST Complete Subcooling s surfaces WGOTHIC mode! has been | Temperature profile Neghigible, filtm is ar
Enthalpy Transport conservanon equation Wisconsin WCAP 14382 824,25 negligible compared 10 | included in the LST validared via the LST and through fitm consdered n OF near saturston
Condensation | show equations for liquid energy transported 1© Separate effects Wisconsin Condensation solution remperature
Tests film tiquid feld studied n Wisconsin Tews
WOAP 13150 Condensation Tests
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Tabie 1: PIRT Application to Evaluation Model: Inside Containment - All phases

PrRT Ranking for AP0 BCs or it Pt} S "::"m."l:.‘“ """"‘;:_""""" Use of Valideticn Results | How Uncertainty i
Phenomens Containment |  Phenomens Sodels Phusesins or WGOTHIC in this Fvalustion Maded Handhed
D. Free Comvection L McAdams Fist Plate LST WCAP- 14190 page 2.7 Convecrive heat trnsfer | Prowotypacal imeemnals WGOTHIC mode! has been | A comservanve bias of 0 74] | Bownded by
Heat Transfer Correlation WOCAP- 14326 page 41 s not significan in Range of validanon validated with the { ST e s rhe somumal comservanve bas
R R WOCAP- 14382 §8 COMPArson to mass defined m WCAP- correlgreon is wied
transfer 382 802
E Forced Convection L Lumped - Not modeled | ST WOCAPI4190 page 2.7 Convective hear Prototypecal ipternah WOOTHIC mode! has been | Lumped- Forced bumpad  Boundsd
Hea Tramsfer et - Sat el WOAP- 14326 page 4 1 transfer s ox Range of vahdation validared with the LST convection heat mansfer oot | by neglecting forced
b} AR b e NCAP- 14362 g8 stgntficant in defined m WCAP- consadered convecnon
A e e i COMPAnson to mass 1438249 2 e
wansfer i it et el e e
P
F Radiation Hew L Not modeled LST WOCAP-14190 page 2 8 Tempe-ature Prototvpical mitemals WOGOTHIC modeling of Not modeied Bounded
Transfer differences withm and wemperature driving | LST neglected radiative heat
contammens are small forces modeled m LST e
enough that radiative
heat ransfer is low
G. Free Convection H Lumped Heat and LST WOCAP- 14193 page 2.8 Mass wansier Prototypicai imemais LST mserna! dats 25 2 A comservenive bias of 0. 741 | Bounded by
Mass Transfer mass vansfer analogy Wisconsin WOCAP- 14326 §18 16 43 1 bused and remp driving | separate effect rimes the mowmsnal comservative bias
based on McAdams Condensation | WCAP- 14382 §3 1 82 mean=0 981 forces modeled i LST | Wi o Cond e 13 wsed
fai plate hear mansfer Tests o-0 187 Range of validation Tess
correlanon defined in WO AP-
LAaaias  eddwl sl 14292
ke Dads b afiestes
e b i s
e e AT ia
H. Forced Convection L Lusnped - Not modeled | LST WCAP- 14190 page 2§ Mass transfer Prowotypical ivemals Lumped - Vatidawed WOAP | Lomped  Not modeled Bownded bs
Mass Transfer Desmabvited —beaiand. | Wisconsin WCAP 14326 §2 8 conservatively buased and Froude numbers 14382 8 et i negiecting forced
Wt BRI ARabrgn | ondenianon mean=0 %8 modeled ia LST Dominant only dunng frt | i cmeiaen. convecion
bt e Sk i Teses o=0.203 Range of vatidation seconds of [ OCA mansient | combunng-fresand fosced.
bl e teists s e defined i» WCAP- Ls Dt LR i G il
s nad A st 14382 g2 2 kg Pai A rion s et s B Fach
e e wa
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Table !: PIRT Application to Evaluation Model: lnside Containment - All phases

k]

Applicability of LST Vahdation of Modrling
PIRT Ranking for APSOS BCs or Use of Validation Results | How Uncertainty b
Nodule Test Bases Report Submitted to NRC | Report Conclusions with Respect to Method
Phencmena Containment | Phenomens Models P’y ffor WGOTHIC in this Fvaluation Maodel Harsdbed
151 Solids A 1D Transient ] GOTHIC conductors CVTR NTO-NRC 944260 Use of Uciida with 1-D | Internal LST heat sinks | WO AP- 14382 shows SRP gudelines are an Bounded
Conduction Heat used © model mternal | LST wih “GOTHIC iy for i i 2re modeled vsing vabdation results with axcepuble approach
Transfer heat sinks inclede 3 1-D | internal heat Analysis Package Version heat sinks is GOTHIC conductors wmemal heat snks modeled | Comservanively bounded
conduction sclution snks 3 4e, Volumes |- 1117 conservative and with Uchida for with Uchida material properties are used
Volume | 86 describes the with SRP | condensation for APSSO insermal
1-1 comstucnon sobut gusdet condhactors.
used Surface ares and volume of
WOCAP- 14382 provides interval heat snks are
validanon with ST conservatively
underestmared
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Table 1: PIRT Application t» Evaluation Model: Inside Containment - AR phases

W
Applicsbility of 15T \aftdation of Madeling
PIRT Ranking for APSO0 BCs or Use of Validation Resalts | How Uncertainty b
Moduie Tesi Bases Report Submitted to NRC | Report Conclusions with Respect to Method
Phenomens Comtamment | Phenomena Modets Phenomena sndier WOOTHIC in this Fvaluation Model Haundied
] B Conducnon H Climes include 1-D Companison Complete The | -D conduction 1-D conduction used t0 | WOAP- 14382 84§ 1D cond: = | Bounded
conduction mode! used | to theoretica! | WOCAF- 14382 §2 S shows made! s correctdy model heat trans fer consins validation of the |- | par of the Clime
for conduction through | solutions the governing equation and | programmed into through the LST shel! D conduction equa m shrounes used for heat
contmnment shell discretization for |-D WOGOTHIC which neglects the Chime subroutine transfer through the sheil
conduction addronai heat removal Effects of degradavon of
by aziowethal IMOTEAMNC TINC patTe are
conduction from drv o incleded w» matenai
wet sucfaces ProveTies
Conservative matenal
used
Using 1 D conduction
azimwthal conducnion from
dry 10 wet stpes.
€ Form and Friction Inter-comp Standard WCAP [4382 §6.0 Use of ssendard loss Sumpliped See IVA Resmcr mivng berween Bound cffecrs of
Losses losses expenmentally | describes methods wsed ro coeflicients through representanon of lower upper and lowes regions of | ixing
hased loss mode! LST granng s velidared compartments contzinment when mi ung 15
coefRcents # benefit Increase mazing
when it is @ penairy. (See
wa:
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A. Multi-<component Gas constituents in the | All tests

Compressible Gasses governing equations analyzed with | NTD-NRC-94 4260
WGOTHIC Enclosure |: GOTHIC
Technical Manual describef
governing equations
Enclosure 2: GOTHIC
User's Manual describes
how to invoke various
gasses
Euclosure 3: GOTHIC
Qualification Report
provides large database of
tests with air, hydrogen,
and helium
NTD-NRC-95-4462
EPRI Report RA-93-10,
GOTHIC Design Review,
Final Report

WCAP- 14382 validates
WGGTHIC with separate
etfects, integral tests with
steam and air -and-helum

B. Buoyancy Buoyancy forces are LST internal Complete

included in the lumped | boouwyant WCAP-14326, Separate
parameter junction flows effects test

governing equations Aatsiot e WCAP- 14382, for integral

Sewpebode rests
Caeest b




Model: Inside Containment - All phases

T A i
y ¥ [,

ARGt

Aleo Availeble on
Aperture Card

Report Conclusions

Applicability of LST
with Respect to
Phenomena

Validation of Modeling
Method
and/or WGOTHIC

Use of Validation Results
in this Evaluation Model

How Uncertainty is
Handled

SRS

Effects of
multicomponent
compressible gasses
are correctly included
in goveming equations

LST includes air and
steam, and-helbiua

WGOTHIC has been
validated with the LST

Governing equations in
WGOTHIC are a valid
representation of
compressible,
multicomponent gas
behavior

vaximum Technical
Specification pressure used
in conjunction with 0%
relative humidity.

Bounded

Lumped modeling
OVernixes
noncondensibles above
wperating deck thereby
reducing heat removal
from vessel when PCS
is dominant
Distributed parameter
modeling shows good
pgreement with 550
node LST model
Modeling of buoyancy
nd entrainment is
cceptable

Steam injection point
elevation and direction
effects tests were
performed

LST has prototypical
buoyancy driving forces
and covered the range
of Froude numbers for
LOCA

WGOTHIC has been
validated with the LS

See hrl\{'.ﬁ ‘f;l!' /l.'lt' [‘ A

Bounded

Date Last Modified: August 29, 1995 4:09 pm
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NTD-NRC-95-4459,

C. Flow Field Stability Mixing within the
or Stratification containment upper Stratification and Mixing
regions and mixing Effects on AP600 Passiva
between the upper and Containment Cooling
lower portions of the System DBA
containment WGOTHIC Applications
Document
ACRS T/H Subcommittee
Meeting, March 29-30,
1995 (to be documented i
letter report)
]
I1. Surface A. Liquid Film Heat Thermal conductivity Chun & Seban | Complete |
Transfer of liquid film for film Wisconsin NTD-NRC-94-4100, 1
temperature drop Condensation | Enclosure 2 “Liquid Film |
Tests Model Validations™
| WCAP-14382 §2 |
B. Liquid Film Condensation on the LST WCAP-13307
Stability/Coverage interior surface of Wisconsin LK. Huhtininemi,
containment Condensation | “Condensation in the
Tests Presence of Noncondensib
Gas: Effect of Surface
Orientation,” Ph.D. Thesis
Univ. Wisconsin, 1992
C. Liquid Film Liquid film energy LST Complete
Enthalpy Transport conservation equation Wisconsin WCAP-14382 §2.4,25
Condensation | show equations for liquid |
Tests film |
WCAP-14190 |
d
|
Page 2 of 6



L

ANSTEC
APERTURE
CARD

Also Avaiiabie on
pn Model: Inside Containment - All phases
Applicability of LST Validation of Modeling Use of Validation Results | How U s
Report Conclusions with Respect to Method in this Evaluation Model “'":;':"“
Phenomena and/or WGOTHIC
Biowdown is the same | Upper and lower WGOTHIC model has been | Mising-and-ssatification- Sabbbe bbb
as standard plants. regions of containment | validaied with the LST Fasmerbbrbind bhasiy Dby b o b et b ge o
Long-term LOCA is represented in the LST deiven-Honwillbestudied- | providedn-
driven by buoyant L e s B e =
plume and L3T covers T Bounded
range for AP600. See hoxes for line IV.A
MSLB is well mixed
due 10 high velocity jet.
Distributed parameter
modeling shows good
agreement with 550
node LST model.
Modeling of buoyancy
and entrainment is
acceptable,
The Chun and Seban Internal and external All validation performed Nominal wavy-laminar and | Negligible effect
data provides a basis liquid film effects are with WGOTHIC includes turbulent Chun and Seban since resistance
for film thermal represented in the LST | the small effect of film correlations used as across film is small
conductivity. temperature drop appropriate part of total
resistance
internal films are stable | Prototypical surfaces WGOTHIC model has been | Shell slopes modeled with Bounded
since containment shell | included in the LST validated with the LST WGOTHIC exceed 1”
slope is in excess of 1. | Separate effects Condensate on containment
Droplet formation studied in 'Wisconsin is returned to the IRWST
improves mass transfer | Condensation Tests Benefits of droplet
formation neglected
Subcooling is Prototypical surfaces WGOTHIC model has been | Temperature profile Negligible, film is at
negligible compared to | included in the LST validated via the LST and through film considered in Or near saturation
energy transported to Separate effects Wisconsin Condensation solution temperature
liquid field studied in Wisconsin Tests
Condensation Tests

Date Last Modified: August 29, 1995 4:09 pm
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Page 3 of 6

Table 1: PIRT Application to Evalua

PIRT Ranking for AP660 BCs or
Module Pi Cataliaient S Models Test Bases Report Submitted to N
D. Free Convection | L | McAdams FlatPlate | LST WCAP-14190 page 2-7
Heat Transfer Correlation WCAP-14326 page 4-1
Ahxedonvest o4 WCAP-14382 §8
E. Forced Convection L Lumped - Not modeled | LST WCAP14190 page 2-7
Heat Transfer amiribiiod—Hat-plae- WCAP-14326 page 4-1
forced-ConvecHOR WCAP-14382 §8
e .
F. Radiation Heat L Not modeled LST WCAP-14190 page 2-8
Transfer
G. Free Convection H Luwmpad-- Heat and LST WCAP-14190 page 2-8
Mass Transfer mass transfer analogy Wisconsin WCAP-14326 §3.8. 39,4
based on McAdams Condensation | WCAP-14382 §4.3, 8.2
flat plate heat transfer Tests
correlation
Lhndi bt - it wind
T e SR
. :
s lati
H. Forced Convection L Lumped - Not modeled | LST WCAP-14190 page 2-8
Mass Transfer Distsibutad~Heat-and | Wisconsin WCAP-14326 §3.8
mass-ransfer-analogy- | Condensarion
basaibop-latplaie Tests
forced-son-aetion e
AR
bbb




ANSTEC
APERTURE

CARD

Also Avaiisbls on
Aperture Card
Model: Inside Containment - All phases
Applicability of LST |  Validation of Modeling | (... . volidation Results | How Uncertainty is
Bt Concioiio 1 - WS Bopes o Motind in this Evaluation Model Handled
Phenomena and/or WGOTHIC
Convecrive heat transfer | Prototypical intemals WGOTHIC model has been | A conservartive bias of 0.741 | Bounded by
is not significant in Range of validation validated with the LST times the nominal conservative bias
comparison to mass defined in WCAP- correlation is used
transfer 14382 §9.2
Convective heat Prototypical internals WGOTHIC model has been | dwaped- Forced Lasmped - Bounded
transfer is not Range of validation validated with the LST convection heat transfer not | by neglecting forced
significant in defined in WCAP- considered convection
CoOmpanison (o mass 14382 §9.2 Disiibuied ~Nomunal-far | Dictrbuied~
transfer robba bbbt Bounded -bycude-
bbby
Temperature Prototypical internals WGOTHIC modeling of Not modeled Bounded
differences within and temperature driving | LST neglected radiative heat
containment are small forces modeled in LST | transfer
enough that -adiative
heat transfer is low
Mass transfer Prototypical internals LST internal data as a A conservarive bias of 0.74]1 | Bounded by
conservatively biased and temperature driving | separate effect times the nominal conservative bias
mean=(.983 forces modeled in LST | Wisconsin Condensation correlation is used
o=0.187 Range of validation Tests
defined in WCAP-
14382 §9.2
f Mass transfer Prototypical internals Lumped - Validated WCAP- | bumped - Not modeled Bounded by
conservatively biased and Froude numbers 14382 §8 Bhanipibamaed —anusd neglecting forced
mean=0.968 modeled in LST Dominant only during first | convaction-comelatar- convection
0=0.203 Range of validation se. | LOCA transient | co abining-fres-and foccad-
defined in WCAP- - deBonanant-onl- | GOR ek db
14382 §9.2 dusi o Lstseconds-of Conservaet tan
Hde s
Date Last Modified: August 29, 1995 4:09 pm
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Table 1: PIRT Application to Evalua

PIRT Ranking for AP600 BCs or ,
Module Phenomena Containment Phenomena Models Tout Bases Repert Submitiod to N
I11. Solids A. i-D Transient H GOTHIC conductors CVTR NTD-NRC-94-4260
Conduction Heat used to model internal LST with “GOTHIC Containment
Transfer heat sinks include a [-D | internal heat Analysis Package, Version
conduction solution sinks 3.4e, Volumes 1-111,"
Volume |, §6 describes th
1-D conduction solution
used.
WCAP- 14382 provides
validation with LST
Page 4 of 6



ANSTEC
APERTURE
CARD

Also Avaiiable on
Aperture Card
Model: Inside Containment - All phases

Applicability of LST | Validation of Modeling |, . voidation Results | How Uncertainty is

Report Conclusions with Respect to Method
Pt and/or WGOTHIC ir: this Evaluation Model Handied

el e ey e e——————

SRP guidclins are an

Use of Uchida with 1-D | Internal LST heat sinks

conductor for internal are modeled using validation results with acceptable approach.

heat sinks is GOTHIC conductors internal heat sinks modeled | Conservatively bounded
conservative and with Uchida for with Uchida material properties are used
consistent with SRP condensation for AP600 internal

conductors.

Surface area and volume of
internal heat sinks are
conservatively
underestimated.

guidelines

Date Last Modified: August 29, 1995 4:09 pm
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Table 1: PIRT Application to Evalu

Test Bases

A. Convection Governing equations NTD-NRC-95-4459,
for lumped parameter Stratification and Mixing
volumes connected Effects on AP600 Passive
with junctions and Containment Cooling
node-to-node System DBA
connections for WCAP-14382 §5.3
distributed parameter WGOTHIC Applications
Document
WCAP-14190 §9

Page S of 6




ANSTEC
APERTURE
CARD

rrixed. Flow area
restriction in evaluation
mode! limits steam
access to below deck
during short MSLB
releases

Lumped - Overmixing
penalizes heat and mass
transfer when PCS is
dominant (LOCA
longterm)

Distributed - 375 node

slight bias towards
overmixing - can bias
mixing with flow areas
LOCA blowdown
pressurizes SG
compartment
sufficiently to drive flow
throughout lower
compartments. Natural
circulation develops
post-blowdown

heat and mass transfer
correlation validation
LST has been used to
develop rationale for
bounding approach on
mixing

A sensitivity using nominal
flow area in the AP60O will
be provided in the
Applications WCAP to
quantify conservative bias.

containment when mixing is
a benefit (LOCA second
peak)

Algo Avsliable on
Aperture Card
Model: Inside Containment - All phases
Applicability of LST Validation of Modeling Use of Validation Results | How U st
Sapert Conclusloms |  whb Ranpect o po in this Evaluation Model Handled
Phenomena and/or WGOTHIC

T wcaiine shows MLD | Applicable 10 above | Muxing biased toward worst | Restrict mixing between | Bounded by biasing
expected to be well deck circulation and case for each accident. upper and lower regions of | mixing in

conservative
direction for each
accident

Date Last Modified: August 29, 1995 4:09 pm
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Table 1: PIRT Application to Evalua

PIRT Ranking for AP600 BCs or
Module Phe Contsinment g Model Test Bases Report Submitted to NR
H Iis include 1-D | Comparison B Complete.
conduction model used | to theoretical WCAP-14382 §2.5 shows
for conduction through | solutions the governing equation an
containment shell discretization for |-D
conduction
C. Form and Friction L Inter-compartment Standard WCAP-14382 §6.0
Losses losses experimentally | describes methods used to
based loss model LST
coefficients
Page 6 of 6
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ANSTEC
APERTURE
CARD

Also Avaliable on
. rture Card
Model: Inside Containment - All phases Ape
Applicability of LST Validation of Modeling Use of Validation Results | How U e
Report Conclusions with Respect to Method in this Evalustion Model Handled
Phenomena and/or WGOTHIC
The 1-D conduction 1-D conduction used to | WCAP-14382 §4.| 1-D conduction equation is | Bounded
model is correctly model heat transfer contains validation of the 1- | part of the Clime
programmed into through the LST sheli, | D conduction equations in subroutines used for heat
WGOTHIC which neglects the Clime subroutine transfer through the shell.
additional heat removal Effects of degradation of
by azimuthal inorganic zinc pain: are
conduction from dry o included in material
wet surfaces. properties.
Conservative material
properties used.
Using [-D conduct’on
conservatively neglects
azimuthal conduction from
dry to wet stripes.
Use of standard loss Simplified See IVA. Restrict mixing between Bound effects of
coefficients through representation of lower upper and lower regions of | mixing.
grating is validated compartments containment when mixing is
a benefit. Increase mixing
when it is a penalty. (See
IVA)

Date Last Modified:

qS0AD60132~Oh
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Table 2: PIRT Application to Evaluation Model: Outside Containment - LOCA - All Phases

i Complete !
| component in the governing with WGOTHIC NTD-NRC-94 4260 component co
| compressible equations Enclosure 1. GOTHIC Technical Manual® gasses are Cc
| gasses describes the governing equations included in go
Enclosure 20 GOTHIC User's Manual equations,
describes how to invoke various gasses
Enclosure 3: GOTHIC Qualification Report
provides a large database of tests with air,
hydrogen, and helium.
NTD-NRC-95-4462
EPRI Report RA-93-10, GOTHIC Design
Review, Final Report
WCAP-14382 validates WGOTHIC with
separate effects and integral tests with steam,
air, and helium gases
CRevion wik o ade 1o corect
R
*Westinghouse will expedite revised
documentation which addresses Peer Review
results.
8. Buoyancy Buoyaney forces + LST without fan Complete The external af
are included in the | running WCAP-14382 §7.2.2 identifies the relevant predictions pro
lumped parameter | + Hugot tests priority teet LST with fan off to support companisons K
- junction + Bukar and external annulus modalling.
governing Lnaagpuies doste with LST-anck-4
equations + Siegel and Norris | WCAP-14326 § 3.1, 3.3 it it G
tests accommedated
NTD-NRC-94-4083 LBA
W/NRC PCS Meeting
External separ
with buoyancy
flows are valid,
To-be-seved:-As part of the Applications
Report, Decusaont the sensitivity to Kloss
(uniform and nonuniform) and nominal delay Weak sensitivh
time will be confirmed using the final (unkarr non
it evaluation model. has bean shoy
-

!
\

& g -



Date last modified: August 28, 1995

ANSTEC
APERTURE
CARD

Algo Aveillabla on
Applicability of LST with Validatior. of Modalling Method Use of Validation Results in How Uncertainty
Respect to Phenomenan and/or WGOTHIC Evaluation Modei is Handled
LST includes air, steam, and WCAP-14382 provides validation of | Governing equations in WGOTHIC bchucsad 4 code
ible helium. external annulus modelling are a valid representation of ity
methods. compressible, multi-component gas
g behavior. Bounded
Maximum Tech Spec value of
anvironment temperature is used as
tha boundary condition in
WGOTHIC models.
All 7 baseline and 7 WGOTHIC has been validated with The external annulus is modelled Nominal loss
confirmatory LST in the HWRF | LST 274.1 with natural convection with pressure boundary conditions coefficient is
program were run with the fan driving the annulus flows in WCAP- at the inlet and outlet, such that the | used.
off. 14382 §5, 6,7, 8. imposed AP is < equaiie the
external density head driving force. Weak sensitivity
The LST priority test 214.1 (fan Thus, the initial annulus air flow is to krss coefficient.
off) has been used for conservatively established at a
validation. slightly negative value (directed Conservative
downward in the annuius) initial air flow
offects bounds
g The momentum equation is solved, postulated
balancing the buoyancy driving annulus flow
head with the unrecoverable losses start-up concerns,
through the annulus.
Kloss

il

q509060132-0) /-




Complete
is a 1D hydraulic « Extornal flow NTD-NRC-95-44 14 recirculation at
model path AP test RAI §52 102 response: downcomer inlé
« Eckert and WCAP-14190, Section 7.2 and 7.3 provide total air fiow at
Diaguila momentum and energy scaling for justification. | operating condi
* Hugot WCAP-14382, §8 provides validation using 1D | minimal enenjy
flow path for annulus. momentum ir ‘ﬂ
downcomer.
T bo 6suad Applcaiions Repod |
Dosumant sonctivty to Kioss (unte: -and Small sensitiv
POAAHOER) and-ROMINAL dolay Wme. large Kloss
See block on line above for loss coefficient
study results.
Fog in annulus Complete Justification for
NTD-NRC-94-4100, Enclosure 1 effect of fog in
*Radiation Heat Transfer Through Fog in the since effect of
PCCS Air Gap" capture by fo
has a negligible
the annulus air
temperature an
overestimates t
transter to tho t
e
Effect of wind- Literature Complete Quantification d
induced NTD-NRC-94-4166 for recirculation
recirculation and “AP600 Containment Pluma Investigation” and thermally s
stratfied atmosphere to
atmosphere is cooling rates gé
neglected bounding recirc
traction, and a
sensitivity show
significant cont;
pressure effect
Effect of wind- Wind tunnel tests Complete. Oscillating flows
induced turbulence NTD-NRC-95-4467 case site with
is neglected “Analysis of AP800 Wind Tunnel Testing for positive mear
PCS Heat Removal" coefficient sh
increase heat r
rates from cont
Less severe ter
more positive W
coefficients
significant inc

heat removal




Valdation of Modelling Method

Use of Validation Results in
Evaluation Model

How Uncertainty

The downcomer flow area is large External flow path is modelled as

to act as a reservoir within which 1D lumped parameter
Successful madelling of the pressures can equalize, providing & Weak sensitivity
axternal annulus with a 10 flow | relatively uniform inlet for the to extenal loss
path shows abilty of 10 model | annulus. Uee-ot-1D-How-path-is coefficient shows
to predict riser phenomena. justifiable Since heat transfer and pressure is not !

momentum in the downcomer, sensitive to

e tohe tone nso st | ANSTEC poirrir

the possibility of downcomer inhibitors to

primanily one-dimensional in nature;

therefore, use of 1D flow path is CARD

justifiable.

S fully developed turbulent flow Atso AVQ”&E‘.: .

ince y .pe Car

develops in annulus before the nure

baffie heats up, there is no potential

for hot-baffle-induced flow instabiiity

to impactimpasct-en start-up of

annulus air flow.
Database consistent with Effect of fog neglected in WGOTHIC | Negligible effect on answers Negligible effect
AP600O expectations for modeals
external annulus conditions.
LST was run in nowind (<5 External pressure boundary Assumption of no recirculation due Negligible effect #
mph) conditions condition is unadjusted for these to these effects has negiigible

offects impact on pressure prediction

External pressure boundary Assumption of no wind is bounding Bounded

condition is unadjusted for thase for pressure prediction

affects
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Report Conclus

| PIRT Ranking AP800 BCs or Test Basas Feport Submitted to NRC
| Phenomanon for Phenomena
| External Models
| Flow Path
| Il Module Surtace
| A Liquid film M Tharmal Chun and Seban Complete The Chun and €
| heat transfer of NTD-NRC-94-4100, Enclosure 2 data provides a
' liquid film for film “Liquid Film Model Validation” fitm thermal
temperature drop.
WCAP-14382 §2 The liquid film
temperature dr
Seahng supolement Wil docunent cansistent
| B Liquid film H Shell water + Full scale, cold Complete Tests with
| stability/coverage coverage fractions | 1/8 sector tests surfaces up to
) and applied flow WCAP-12665, §3.1 showed that
| rate « Hot LST without delay,
measured NTD-NRC-94-4247 quenching a h
coverage “Method for Determining Film Flow Coverage cold water. E
for the AP6G . Passive Containment Cooling films do not
+ Westinghouse System” unstable, even
flat piate film dryout.
evaporation tests NTD-NRC-94-4286 ‘
“Supplemental Information on AP600 PCS Water coverage
+ Vendor Film Flow Coverage Methodology,” including and sidewalls a
age/contamination | sensitivity to 3/4 and 1/2 of bounding SSAR function of time
information teete coverages showing well away from any cliffs bound (Figure 2
in performance. scale data and
data from LST.
SSAR Rev. 4 Preliminary Markup 6.2.1.1.3 model has
summarizes water coverage assumptions. with cold and h
tests,
NTD-NRC-94-4083 data.
W/NRC PCS Meeting
Weak sensitivity to PCS flow rate, water Model
coverage fraction, PCS time delay was conservatively
n shown. for effects of
using a via-ite
Vondor sapert on-sltects of age and new surface. A
GoHhAAto increases the
the surface a
Noto—Anindependent roview by an-industry increases wetlir
e A0 frhanod Surface contam
be minimal bas
inspection and
criteria. Sensit
using approxi
and 1/2 and-4e
bounding SSA
values show
AP800
is relatively
further reduct
coverage
bounding




=
i Applicability of LST with

i Respect to Phenomenon

Validation of Modelling Method
nnd/or WGOTHIC

T

T r—— ——

Use of Vahdation Results in
Evaluation Model

How lUncertainty
is Handled

S—— .

Internal and external liquid film
affocts are represented in the
LST

All validation perforried with
WGOT™!Z ncludes the small effect
of him temperature drop

Nominal Chun and Seba
correlation is used, accounting for
wavy laminar and turbulent liquid
filme

Negligible effect
since resistance
across film is
small part of total
resistance

ite wel

Rle with
ating
©

total

dome

sed to
pid, full

ity of

s will
on

aning
ly 34
verage

PEPONSH
ive 1o

Hoated LST data has been
used to assess heat flux effect
on coverage fraction

Measured coverage fractions
on the LST were used as input
boundary conditions in the
WGOTHIC validation runs to
validate cooling rate prediction
modals with test data

Water coverage is an input
boundary condition to the
WGOTHIC code. A "“top-to-bottom
stack” of climes is used to model
each of the wetted and dry portions
of the axtermal shell. Coverage
fractions are used to determine the
maximum value of potentially wetted
shell heat transfer surface area
input to the WGOTHIC climes
model. Coverage for the dome at
top and mid levels is assumed to be
40% to bound full scale cold test
data, where the film is thick enough
that film stabilty does not imit
coverage

T'he wetted cross sectional area of
the balance of the wetted portion
where film stability imits coverage
is obtained from 26.17 hrs in Table
4 of NTD-NRC-94-4247, where
100% dome coverage values show
that film stabilty does not imit
dome coverage. The Tavle 4
values have not been adjusted to
account for the reduced evaporation
associated with the assumed 40%
coverage on the dome. Therefore
the coverage fraction assumed in
the DBA bounds all timas during the
PCS DBA

Weak sensitivity to the input water
coverage shows that minor
perturbations in this assumption do
not impact pressure predictions

The validated conservative water
coverage model is used to calculate
input boundary conditions for the
PCS DBA Evaluation Model

Bounding minimum water coverage
fractions are used

ANSTEC
APERTURE
CARD

Also Avallable On
Apertiure Card
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Raport Submitted to NRC

+ Full scale, cold NTOD-NRC-94-4083 Weak s
1/8 sector tests WNRC PCS Meeting flow rate, wati
fraction, PC3 |
A-wsitten- The discussion in the boxes to the was shown
right will be provided in the applications
report.
dail
Large Scale Tests | Complete Inclusion of ug
WCAP-14382 §2 4, 2.5 show equations for term in energy
liquid film accounts for li
subcooling eff
dome heat flw

Mixed convection
correlation which
reduces to the

correlation, at hign
Gr/Re” 7, with

* Hugot tests

+ Eckert and
Diaguila tests

+ Siege! and Norris
tests

«W

LST - dry external
heat transfer

Complete
WCAP-14190
Quantifies AP800 fraction of heat removed by

convective heat transfer.

NTD-NRC-985-4397

Supporting Information for the Use of Forced
Convection in the AP600 PCS Annulus

WCAP-14326 separate effects tests validation




Vaiidation of Modelling Method

Apphcability of LET with Use of Validation Results in How Uncertainty |
Raspect to Phenomenon and/or WGOTHIC Evaluation Mode! is Handied I
}
PCS LET 2191 has water onto hot input Boundary Condition delay tire | Since the outer surface temperature | Bounded
erage | surface and thermocouple produces a conservative result does not increase significantly &
delay temperatures show the surface net-hot until after water reaches the
readily rewets during the high Earfier water application does not containment shell surface in real
flow portion of the non- adversely impact air flow intiation time, cold tests are acceptable to
prototypical oscillating flow. because there e wou'd be a net determine delay times. Delay time
improvement ia due to evaporative 1o wet the external surtace is
Videotapes of a shakedown cooling. conservatively bounded by using ANST c
LST with a somewhat higher time to reach steady state coverage
fiow rate show water behavior The effect on annulus air fractions from the cold full scale APERT RE
applied to 240F surface. The temperature and vapor content of test. This conservative delay time
observations showed that the water applied to the surface is thus neglects integrated heat CAR
advancing film tront sizzled as explicitly modeled in WGOTHIC 1D removal during about 10 & minutes
#t was boiled away, and readily | annulus caiculation. A sensitivity of actual water application during
flowed down as wide strpes based on actual chronology with the period when steady state film Also Avsilable on
after the surace fell below the earlier wetting will be provided in coverage is developing. when wr’ rd
leidanfrost temperature the Applications report. sudace lemparatuie has Aol
Time delay used bounds all
postulated effects
o LST covers range of liquid film WCAP-14382, p. 8-6 discusses WGOTHIC uses an appropriate set Negiigible effect
lon subcooling expected for valid:ton of LST heat flux of governing equations for liquid since mechanism
film AP600. distribution predictions over the film. Subcooling accounts for a accounts for only
on LST dome. small fraction (~5%) of the APE00 small fraction of
Although a majority of the LST heat removal. AP600 heat
have higher fractions of energy removal.
removed by subcooling than
AP600, the LST is valid for
developing a bounding
approach for AP600 valdatien
al-physics and phenomena
since a scalable liquid film
enthalpy transport model is
used.
Once the outer shell heats up Mixed convection correlation Mixed convection correlation Nengibgibober sofiest
ted | to at least 2F above ambient, provides good agreement with reduces to forced convection at
the APE00 annulus operates in | annulus conditions in the LST. high low Gr/Re®”, consistent with Bounoed
forced convection expectation for AP600 annulus
conditions
LST includes tests with and
without fan on, covering the A conservative bias of 0.83 times
annulus from mixed L.ae the nominal correlation is used.
convaction through forced
convaction dominated regimes
the
Ive
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Diaguila tests
+ Siegel and Norris

+ Westinghouse
STC dry fiat plate

Complete
WCAP-14190
Cuantifies AP600 fraction of heat removed by
convective heat transfer.

WCAP-14326, §3.1,3.2, 33,34, 35, and 4.1
shows validation of the correlations with
separate effocts tests

F. Radiation heat Wall-to-wall + Westinghouse Complete

transter radiant heat STC dry Hat plate WCAP-14382, §2.5 describes the radiant heat
transfer tests transfer model used in Climes

* Dry LST

G. Free Empirical + Gilliland and Complete

convection mass correlation for the Gherwood $66 oo convaction heat aneter

transter Sherwood number, | evaporation tests
which s derived + Westinghouse NTD-NRC-95-4397 The nmul;q
by dimensional STC fiat plate Supporting Information for the Use of Forced by forced
analysis using the evaporation tests Convection in the AP600 PCS Annulus mass transfer
Reynold's analogy | * University of outer shell hes
and Colburn | Wisconsin WCAP-14326 separate effects tests validation | least 2F abc
factors. condensation tests during the trar

-

H. Forced Empirical + Gilliland and Completa. AP800 shown

convaction mass correlation for the Sherwood NTD-NRC-95-4397 in forced convi

transter Sherwood number, | evaporation tests "Supporting Information for the Use of Forced | dominant regjir
which is derived + Wastinghouse Convection in the AP600 PCS Annulus”
by dimensional STC flat plate Correlation is
analysis using the | evaporation tests Leaafate conservative
Reynokd's analogy | + University of WCAP-14326 gives correlation (§2.0, 2.1), reasonable sc
and Colbburn | Wisconsin entrance effect used for separate effect test the range.
tactors. condensation tests | (§2.2), and correlation validation with tests -l 836
Application of a (§38,37). e )
correction for
mass transfer rate Once the outd
gives the up to at least
AP800 forced ambient, the A
convection mass annulus opera
transfer correlation forced convec




Applicability of LST with
Respact 1o Phenomenon

Dry LST has dominant ar.nulus
heat removal by convection

The LST and separate effects
tests cover the range of APE00

Reynold's numbers.

Valdation of Modelling Method
and/or WGOTHIC

WCAP-14382, §3.2.1, 4.2 provide
summaries of the validation.
Although the comparisons with data
show high scatter, it is attributable
to high instrument uncertainty with
small AT. The lack of any trend ir
the mean over the range indicates
the correlation is reasonable as a
basis for mass transfer analogy.
Mass transfer validation, covering
AT an order of magnitude higher,
shows much less scatter.

Use of Valdation Results in
Evaluation Model

A conservatise bias of 0.83 times
ine nominal vorrelation is used.

Convective haat transfer is not a
dominant eigiicant- heat removal
mechanism for APS00 DBA.

Varying fractions of dry shell WCAP-14382 §7 shows selection of | Conservative property values are Bounded
surface aro included for all wet | LST and §8 shows validation used in AP600 DBA.
tests. The dry LST cases results.
transter a large fraction of heat
by radiation to the baffle.
Do oo Lonvecton hoal S06 106 comvection-heat- translor Seo-Hoo-convaction-heat transier Bloghgitin oftect
tanedes
WCAP-14382 A conservative bias of 0.83 times Bounded
ed | LST includes tests with and summarizes WGOTHIC separate the nominal correlaticn is used.
without fan on, covering the effocts validation results (§3.2.1,
the ancwlus from mixed 44)
to at convection through forced
convection dominated regimes.
ate Lo T comeans rangs of ARSUO WCAP-14382 Forced convection correlation, ik 4 Gonde
GiRed, meluding toste-without | summarizes WGOTHIC separate modified for mixed convection ettty
Hio bao runnuig effects validation results (§3.2.1, effects to allow transient startup, is
4.4) appropriate for AP600. Shinasttanity
84% | LST includes tests with and e bttons s 4
without fan on, covering the A conservative bias of 0.83 times Gt a6
over annulus from mixed the nominal correlation is used. b el of
convaction through forced sarder deitontanaty
convection dominated regimes Nominal carialation {with ihemsnt
SOABBIAVG fvadht wBed - Bounded
WCAP-14382 W TR
heats | LST mcludes toate which cover
g

Predictions of total evap orati n
(p. 8-3) and wall heat dux (5.
8-6) validate models i~ =,
intagral saiting

Qs09p 6TRZ- | |-
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PIRT Ranking AP800 BCs or Test Bases Report Submitted to NRC
Phenomenon for Rised* | Phenomena
External Models
Flow Path
. Moduie Sc'ds -
A 1D transient H GOTHIC CVTR NTD-NRC-54-4260 Use of Uchida
conduction heat conductors used *GOTHIC Containment Analysis Packags, sinks is cons
transter to model a few Version 3 4e, Volumes I-1" Volume 1, §6 consistent with
external concrete describes the 1D conduction solution uséd. guidelines.
heat sinks, using
the GOTHIC 1D WCAP-14382 provides validation with LST
conduction
solution
V. inter-Mod
A Convecuai M Governing LSY without the External flow rate and AT comparisons For tests witho
aquations for fan operating between WGOTHIC and LST have been operating, ex
lumped paramater | validate ability to presented at several meetings These will be rate and AT is
volumes calculate natural provided in a letter report. well.
connected with convestive flows
junctions NTD-NRC-94-4083 Pressure re:
Sensithities to external Kloss, both unfform relatively i
and non-uniform, as well as sensitivity to ai loss coafficid
inlet blockages up to 50% were provided at system is self-¢
the March 17, 1994 NRC PCS meeting. The highly no
relation of evag
As part of the Applications report, these rate with surfac
sensitivities will be confirmed with evaluated temperature ¢
using the final Evaluation Model. increased evap
cooling with on
moderat. suf
temperature
B. Conduction H Climes include 10 | Comparison to Complete. The 1D conc
conduction model theoretical WCAP-14382 §2 .5 shows the governing is correctly pro
used for ¢ hitions equation and discretization for 1D conduction, into WGOTHIC
conduction as well as model validation,
through

containment shall




Applicabilit, of LET with Validation of Modelling Method Use of Validation Results in How Uncertainty
Respect to Phenomanon and/w WGOTHIC Evaluation Model s Handled
Not apolicable GOTHIC Qualification Report shows | Conservatively bounded material Boundad
and validation for the GOTHIC 1D properties are used for AP600
conductor external conductors
Surface area and volume of heat
sinks are conservatively
P"'” Avallzhlg n
rture Ce
fan LST without the fan operating For tests without the fan operating A 1D lumped parameter model is Negligible etfect
flow ar » applicable for vulidation of external flow rate and AT is used with an inpul nominal loss due to weak
- atural convective flows predicted well. coefficient in WGOTHIC analyses. sensitivity to
through the annulus with the axternal Kloss
1D annulus flow model Buoyancy driven flows are balanced
s by the form and friction losses.
to
the
in
®
model | 10 conduction used to model WCAP-14382, §4 1 contains 1D conduction equation is part of Conservatively
heat transfer twough the LST validation of the 1D conduction the Clime subroutines used for heat | bounded material
shell, which neglecis the equations used in Clime transter through the shell properties are
additional hea' removai by subroutines. used for AP600
azimuthai conduction trom dry Using 1D conduction conservatively containment shell.
to wat surtaces. neglects azimuthal conduction from
dry to wet stripes.
Conservative material properties are
used.
Effects of degradation senesien-of
inorganic zinc paint are included in
{ material properties
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| PIRT Ranking AP&00 BCs or Test Bases Report Submitted to NRC Report Conchu
Phenomenon for Rised™ | Phenomena
External Models
Flow Path
C. Form and M External flow path | Air flow path AP Con plete Loss coefficient
friction losses hydraulic test, ~1/6 scale So6-also-the blocks on-emst.L-and- VA axternal flow o
resistance See also the line addressing item 1.C.

*External flow path is a 1D hydraulic model.”

NTD-NRC-94-4083
Sensttivities to external Kloss, both uniform
and non-uniform, as well as sensttivity to air
inket blockages up to 50% were provided at
*ha March 17, 1994 NRC PCS meeting.
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Appiicability of LST with Validation of Modelling Method Us# of Validation Results in How Uncertainty

Respect o Phanomenon and/or WGOTHIC Evaluation Mode! is Handled

LST - used constant loss coefficient | Nominal loss coefficient used; lack Negligible effect

tor all predictions of sensitivity due to weak
sensitivity to
external Kloss
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